Background: Recent estimates of the number of children and young people with life-limiting conditions derived from routine inpatient data are higher than earlier estimates using death record data. Aim: To compare routine inpatient data and death records as means of identifying life-limiting conditions in children and young people. Design: Two national cohorts of children and young people with a life-limiting condition (primary cohort from England with a comparator cohort from Scotland) were identified using linked routinely collected healthcare and administrative data. Participants: A total of 37,563 children and young people with a life-limiting condition in England who died between 1 April 2001 and 30 March 2015 and 2249 children and young people with a life-limiting condition in Scotland who died between 1 April 2003 and 30 March 2014. Results: In England, 16,642 (57%) non-neonatal cohort members had a life-limiting condition recorded as the underlying cause of death; 3364 (12%) had a life-limiting condition-related condition recorded as the underlying cause and 3435 (12%) had life-limiting conditions recorded only among contributing causes. In all, 5651 (19%) non-neonates and 3443 (41%) neonates had no indication of a life-limiting condition recorded in their death records. Similar results were seen in Scotland (overall, 16% had no indication of lifelimiting conditions). In both cohorts, the recording of life-limiting condition was highest among those with haematology or oncology diagnoses and lowest for genitourinary and gastrointestinal diagnoses. Conclusion: Using death record data alone to identify children and young people with life-limiting condition -and therefore those who would require palliative care services -would underestimate the numbers. This underestimation varies by age, deprivation, ethnicity and diagnostic group.
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Original Article
What is already known about the topic?
• • Children and young people -with life-limiting conditions have complex healthcare needs -often with repeated hospital admissions, particularly at end of life. • • Recent estimates of prevalence of life-limiting conditions among children and young people using routinely collected inpatient data are much higher than earlier estimates using death records.
What this paper adds?
• • Compares identification of life-limiting conditions in children and young people using death records and inpatient data in the same population for the first time. • • Shows where the differences occur (by diagnostic group, age group, ethnic group and deprivation).
• • Identifies shortcomings in use of death records to identify life-limiting conditions in children and young people.
Background
Children and young people with life-limiting conditions (encompassing both life-limiting conditions that will lead to premature death, for example, Duchenne muscular dystrophy, and life-threatening conditions that may lead to premature death, but may be cured, for example, cancer) typically have complex healthcare needs, often with repeated hospital admissions, particularly towards the end of life. 1, 2 Planning paediatric palliative care services, where there is evidence that demand outstrips provision, 3 requires accurate estimates of prevalence (in addition to estimates of future survival times).
Recent prevalence estimates [3] [4] [5] of children and young people with a life-limiting condition in England and Scotland, which used an International Classification of Diseases Version 10 6 coding framework to identify lifelimiting conditions within routine inpatient hospital data, were much higher than earlier estimates. [7] [8] [9] This may be due to previous estimates being based on death record data, about which there are concerns of quality and completeness, 9 but no work has been previously published comparing the two methods within the same population to quantify these differences. Previous research has found that there are discrepancies between recorded cause of death and conditions recorded during life for a population sample 10 and for children with chronic conditions, 11 but these differ from this study in not focusing on children (first study) and not limiting analyses to life-limiting conditions (both studies). In the latter study, it was noted that the discrepancies may be due to chronic conditions not being related to the cause of death, but for children with life-limiting conditions most deaths are expected to be related to the condition.
This study compares methods of identifying children and young people with a life-limiting condition by analysing recorded cause of death for children and young people identified with a life-limiting condition from routinely collected English and Scottish inpatient hospital data.
Methods
Definition of life-limiting conditions
Individuals with a life-limiting condition were identified using a refined version 5 of a previously developed International Classification of Diseases Version 10 coding framework. 4 
Data used and cohort identification
Two national cohorts were identified: a primary cohort from England and a comparison cohort from Scotland (the latter was used to assess whether any differences found were unique to England and is described in the supplement).
For England, linked inpatient Hospital Episode Statistics data and Office for National Statistics (ONS) death records were used. Data access was granted by the Health and Social Care Information Centre and ONS microdata release panel (ref: NIC-379681-D6L7G). Children and young people with a life-limiting condition were identified by matching recorded diagnostic codes in inpatient records against the coding framework, for individuals aged 0-25 in the English study period (1 April 2001 to 30 March 2015 . The cohort was restricted to individuals with a death record with a date of death in the respective study period.
Data management
The English datasets were linked by the Health and Social Care Information Centre based on National Health Service number, gender, date of birth and postcode. 12 Management of Scottish datasets is described in the supplement.
Date of birth was assigned as the most commonly recorded date in the inpatient data. Dates of death came from death records. Individuals with invalid dates of death (more than 1 day before the beginning of an inpatient record) were excluded from the cohort.
Individuals who had died were assigned an age group at death: neonates (0-27 days), post-neonatal infants (28-364 days), 1-5, 6-10, 11-15, 16-20, 21-25 and over 25 years. Age at death was determined by subtracting date of birth from date of death. Only month and year of birth was provided, so post-neonatal ages of death were approximated setting all birth dates to the 15th day of the month. Neonates were separately identified from the presence of neonate-specific cause of death fields in the death records.
Published populations 13 Individuals were assigned the last recorded category before death. Recorded ethnic categories were collapsed to seven groups: White, Indian, Pakistani, Bangladeshi, Black, Mixed and Other. The most commonly recorded ethnicity (from the collapsed groupings) was assigned to each individual.
Life-limiting condition diagnoses were categorised into 11 groups based on the main International Classification of Diseases Version 10 chapters: neurology, haematology, oncology, metabolic, respiratory, circulatory, gastrointestinal, genitourinary, perinatal, congenital and 'other'. Individuals may be assigned more than one diagnostic group if they had more than one life-limiting condition recorded in the inpatient hospital data. A primary diagnostic group, the most common diagnostic group across all inpatient records, was assigned to each individual. Where there was more than one most common diagnostic group, later diagnoses were prioritised (diagnoses from the earliest records were progressively removed until the tie was broken).
Analyses
Cause of death. The English death records contained underlying cause of death (the condition that initiated the chain of events that led to death, not necessarily the proximate cause of death) and other causes of death for nonneonates. It was expected that most deaths in the cohort (all of whom were known to have a life-limiting condition) would have a life-limiting condition as the underlying cause. The proximate cause of death may differ -for example, it may be an infection -but with a life-limiting condition as the underlying cause in most cases, making infection either more likely or more severe. A small number of individuals were also expected to die from trauma (e.g. car or other accidents) not related to the life-limiting condition. Whether the underlying cause of death was a life-limiting condition was checked using the coding framework. If not a life-limiting condition, underlying cause was assessed to see whether it was related to a lifelimiting condition identified in the inpatient data. For example, nonspecific cerebral palsy as cause of death was considered related to quadriplegic cerebral palsy; unspecified congenital malformations of heart to tetralogy of Fallot. Finally, for those with underlying cause, neither a life-limiting condition nor life-limiting condition-related, contributing causes of death were checked against the life-limiting condition coding framework. Where life-limiting condition was recorded as a contributing cause, trauma-related underlying causes were determined (all codes starting S; T0; T1; T2; T30; T31; T32; T5; T6; T7; T9; V; W; X; Y1; Y2; Y3) as it was expected that most deaths in the cohort not due to lifelimiting conditions would be due to trauma.
For English neonate death records, underlying cause of death was not specified. All causes of death were checked for life-limiting conditions or being life-limiting condition-related (only presence or absence of life-limiting conditions among causes of death could be determined, subdivision into underlying, related or contributory causes was not possible for this age group).
The analyses were split by age group (at death), by ethnic group, by deprivation category, by diagnostic category and by groups of financial year of death. Neonates were excluded from analyses by ethnic group, deprivation category, diagnostic category and year as they could not be categorised as having underlying, related or contributory cause of death as a life-limiting condition.
Statistical modelling. Predictors of life-limiting conditions being present in death records were explored. A binary outcome variable was defined indicating the presence of life-limiting conditions in a death record, set to 1 if the underlying cause was a life-limiting condition or was related to a life-limiting condition or a contributing cause of death was a life-limiting condition and to 0 if there was no indication of life-limiting conditions. Candidate predictor variables were age group at death, primary diagnostic group, deprivation category and ethnic group. Multivariable logistic regression models were fitted, with candidate predictors added in turn and retained if their odds ratios were significantly (p < 0.05) different to 1 or inclusion reduced Schwarz's Bayesian Information Criterion for the model by more than 2. 17, 18 Interactions between deprivation and ethnic group were also considered (using the same inclusion criteria). Models stratified between neonates and non-neonates and between oncology and non-oncology primary diagnoses were also developed as it was observed that levels of life-limiting condition recording in death records varied greatly between these groups. Individuals with data missing for any included predictors were excluded from the corresponding models.
Results
England
Cohort size. A total of 411,154 children and young people with a life-limiting condition were identified between 1 April 2001 and 31 March 2015 while aged 0-25; 37,784 had death records with a date of death in the period. In all, 221 death records (0.6%) were considered invalid as there were one or more inpatient admissions after their recorded date of death and were excluded, leaving 37,563 individuals in the final cohort. There were 73 individuals (0.2% of final cohort) with conflicting dates of birth between records: in each case, the more commonly recorded date of birth was used. Numbers of deaths in groups of years and cohort demographics are shown in Table 1 .
Missing data. In total, 6% of non-neonates had unknown ethnicity, although this figure reduced to 3% for individuals with a date of death on or after 1 April 2009. Including neonates, 10% missed ethnicity information (5% excluding Cause of death by financial year of death. There was only minor variation in recording of life-limiting conditions across financial year of death ( Table 1 ). The proportion of deaths reporting a life-limiting condition as underlying cause varied from 54% to 62% while the proportion with no indication of life-limiting conditions varied from 17% to 21%. There was no clear trend over time.
Cause of death by age at death. Neonates were significantly more likely to have no indication of life-limiting conditions in death records than non-neonates (40.6%, 95% confidence interval (CI): 39.6%-41.7% compared to 19.4%, 95% CI: 19.0%-19.9%) ( Table 2) . Recording of a life-limiting condition as underlying cause of death was lowest (2463, 42%) among post-neonatal infants, but they had the highest percentage of life-limiting conditionrelated deaths (1231, 21%). The youngest and eldest were most likely among the age groups to have no indication of life-limiting condition in death records.
Cause of death by ethnic group. Children and young people of Bangladeshi or Black ethnicity were less likely than White children and young people to have a lifelimiting condition as underlying cause of death (Bangladeshi: 48.5%, 95% CI: 43.5%-53.4%; Black: 49.4, 95% CI: 46.9%-52.0%; White: 58.9%, 95% CI: 58.2%-59.6%) although they had higher levels of life-limiting conditionrelated underlying or contributory causes of death (Table  3) . Black children and young people were significantly more likely than White children and young people to have no indication of life-limiting conditions in their death records (Black: 24.0%, 95% CI: 21.8%-26.2%; White: 18.8%, 95% CI: 18.3%-19.3%).
Cause of death by deprivation category. Individuals in the most deprived categories were less likely than those in the least deprived category to have a life-limiting condition recorded as the underlying cause of death (category 1: 53.7%, 95% CI: 52.6%-54.7%; category 5: 62.6%, 95% CI: 61.1%-64.1%) and more likely to have no indication of life-limiting conditions (category 1: 22.3%, 95% CI: 21.5%-23.2%; category 5: 15.7%, 95% CI: 14.5%-16.8%) ( Table 4 ).
Cause of death by diagnostic group. In all, 94% of individuals with an Oncology diagnosis had a life-limiting condition as underlying cause of death; only 3% had no indication of life-limiting conditions in their death records ( Table 5 ). Only 28% of patients with a perinatal diagnosis had a life-limiting condition as the underlying cause of death, while those with genitourinary diagnoses were most likely (31%) to have no life-limiting condition among any cause of death.
Multivariable model. The final model (Table 6 ) showed some differences to the univariable analyses. Neonates were least likely to have a life-limiting condition recorded, but 21-25 year olds, and 1-5 and 6-10 year olds were next least likely to have a life-limiting condition recorded (odds ratio compared to post-neonatal infants: neonate 0.54, 95% CI: 0.49-0.60; 1-5 year olds 0.74, 95% CI: 0.67-0.83; 6-10 year olds 0.74, 95% CI: 0.64-0.86; 21-25 year olds 0.62, 95% CI: 0.55-0.69). Variations by ethnic group were also different in the multivariable model, with minority ethnic groups either not significantly different to White children and young people in likelihood of having a lifelimiting condition recorded or more likely (Pakistani: 1.40, 95% CI: 1.25-1.57 times more likely than White children and young people; Other ethnicity 1.25, 95% CI: 1.08-1.43 times more likely than White children and young people). Children and young people in less deprived categories were more likely than children and young people in more deprived categories to have a life-limiting condition recorded (odds ratio for least deprived category 1.19, 95% CI: 1.08-1.32 compared to most deprived category). However, there were only small differences between the three least deprived categories. Primary diagnostic group showed similar patterns to those seen in the univariable analyses: haematology and oncology diagnoses were most likely to be associated with life-limiting condition recording in death records and genitourinary, gastrointestinal and perinatal diagnoses least likely.
There were only minor differences between models stratified between neonates and non-neonates or between individuals with and without oncology as primary diagnostic group. Neither was there significant evidence for interaction between deprivation and ethnic group, so the interaction was not included in the final model. The sensitivity analyses produced models that were not 
Scotland
Full results are presented in the supplement. Of 2249 individuals in the final cohort, 57% had a life-limiting condition recorded as underlying cause of death, 14% had a life-limiting condition-related underlying cause, 12% had a life-limiting condition only among contributing causes and 16% had no indication of life-limiting conditions. Under 1 and over 20 year olds were most likely to have no life-limiting condition recorded. Those in the most deprived category were more likely (20%) to have no lifelimiting condition recorded than those in the least deprived category (15%). Only primary diagnostic group showed significant associations with life-limiting condition recording in the multivariable model, with life-limiting condition recording most likely for individuals in the haematology and oncology primary diagnostic group and least likely for those in the genitourinary group (odds ratio 0.02, 95% CI: 0.01-0.05 compared to haematology and oncology).
Discussion
This study has shown that using death certificate data alone to identify the numbers of children and young people with a life-limiting condition would have resulted in underestimation of approximately 24% when compared to those identified via inpatient hospital data (for neonates and non-neonates, counting life-limiting conditions in all cause of death fields in the English data). The Scottish data provided similar results (see supplement), although recording of life-limiting conditions was higher (only 16% had no indication of life-limiting conditions in any cause of death field). Readily available death register data in many countries only include the underlying cause of death and using these alone would underestimate the number of children and young people with a life-limiting condition further (in the English data, 31% of non-neonate cohort members had neither a life-limiting condition nor life-limiting condition-related underlying cause of death recorded; for Scotland this figure was 28% for all ages). This may explain the differences in life-limiting condition prevalence estimates between studies using routine inpatient hospital data [3] [4] [5] and studies using death records. [7] [8] [9] There are grounds to favour estimates from the inpatient data over estimates from the death records. The number of deaths each year among children identified with a life-limiting condition from the inpatient data (e.g. 1766 among 0-14 year olds in 2013) is close to a previous estimate of 50% of child deaths being due to life-limiting conditions 19 (3631 0-14 year olds died in England in 2013). 20 It would be expected that most deaths in individuals identified as having a life-limiting condition should either have the life-limiting condition as underlying cause or be due to trauma (as broadly defined here), but only 116 of the 3435 deaths with life-limiting conditions recorded as a contributing cause were trauma-related. This suggests there are quality or completeness issues with the death records. The cause of death data are produced by automated analysis of death certificates 21 and the ONS 22 have noted issues and changes in the way that underlying cause of death is determined in recent years, which may result in more maternal conditions as underlying cause of death being recorded as perinatal conditions. 23 This study was concerned with whether death records for children and young people known (from routine hospital data) to have had a life-limiting condition would also record the life-limiting condition, whether as underlying or any cause of death as this affects the reliability of life-limiting condition prevalence estimates based on these data. It is immaterial, when using these data to estimate prevalence, whether any errors in recording are in the manual completion of death certificates or their later automated analysis.
As paediatric palliative care is recommended to start at the point of diagnosis (or recognition) of a life-limiting condition rather than just end-of-life care, only counting the The categories are population weighted so that 20% of the general population is in each category. a 'Matched' underlying causes are those that matched diagnostic codes within the life-limiting condition coding framework. 'Related' causes were considered to be related to framework diagnoses present for the individual in the inpatient data. number of children who have died from death records cannot provide a useful estimate of paediatric palliative care need. As treatments improve and survival times for many life-limiting conditions increase, death rates are likely to lag behind prevalence increases and underestimate current lifelimiting condition prevalence. 9 There is no indication that the gap between life-limiting conditions recorded on death records and indicated in inpatient data is decreasing over time, for either the English or Scottish data. The multivariable model for England is broadly consistent with the univariable descriptive analyses -similar variations are seen for age, deprivation category and diagnostic group. Variation by ethnic group, however, appears reversed. After controlling for age, primary diagnostic group and deprivation category, individuals of Pakistani and Other ethnicity appear more likely than White individuals to have life-limiting condition recorded on their death records; there were no significant differences between White individuals and those from Indian, Bangladeshi, Black or Mixed ethnic groups. This may suggest that the previously observed variation by ethnicity was due to factors such as deprivation or diagnoses (both known to vary by ethnic group [24] [25] [26] [27] ). The decreased likelihood of life-limiting condition recording in death certificates for individuals from more deprived areas may suggest geographical variations in cause of death recording, possibly due to differences in resource provision and quality of recording. Lower likelihood of life-limiting condition recording in death records for the very young may be due to greater uncertainty about the exact causes of death; for the older groups, reduced recording may be due to death following a longer and more complex chain of events from underlying life-limiting condition to proximate cause of death, with the underlying life-limiting condition not always being recorded. Differences in life-limiting condition recording in different diagnostic categories may also be linked to the directness or otherwise of the life-limiting condition leading to death. Differences in conditions and the clarity of any link between the life-limiting condition and death in those conditions may influence levels of recording among ethnic groups. Further work is needed to investigate these issues. Similar results were seen for the multivariable model for the Scottish data (see Table S6 , supplement), although most of the variations -except by primary diagnostic group -were not statistically significant, possibly due to the smaller sample size.
Underestimation of life-limiting condition prevalence from death records particularly affects some diagnostic groups (e.g. genitourinary diagnoses), the more deprived and (perhaps as a consequence of diagnostic and deprivation variations) some minority ethnic groups. This has implications for service planning where it could lead to under-provision for these groups or incorrect prioritisation of other groups that appear to have comparatively higher demand and for epidemiological studies, such as those looking at levels of particular life-limiting conditions in populations, where bias may be introduced, underestimating prevalence of some conditions more than others. For example, L.K.F.'s earlier study 4 on prevalence of life-limiting conditions among children and young people in England would be expected to produce different estimates with different relative levels across diagnostic and age groups if using death records. Estimation of demand for service planning should be based on routine hospital data as this is both more up to date and more complete than the death records.
This study used high-quality national healthcare data and compared data independently collected in England and Scotland to verify that the variations seen were not unique to one country. The cohorts were identified using an objectively applied coding framework. However, decisions over what constituted a life-limiting conditionrelated underlying cause of death were subjective. The number of cohort members with unknown ethnicity and deprivation category is a concern for the robustness of the analyses with regard to ethnicity and deprivation. The missing data could not be imputed from other fields, but a sensitivity analysis using only data from 2009 to 2010 onwards (with more complete ethnicity data, Table S7 , supplement) and excluding neonates (providing more complete ethnicity and deprivation data, Table S8 , supplement) supports the findings using the whole study period and all age groups.
Conclusion
Using death record data to estimate need for paediatric palliative care services should be undertaken with caution as 19% of non-neonates (31% if using only underlying cause of death) and 41% of neonates identified using the life-limiting condition coding framework as having a lifelimiting condition would have been missed. The most deprived, the youngest and oldest, Black individuals and those with genitourinary, gastrointestinal or perinatal diagnoses were most likely to be missed using death records alone.
